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The present invraltofttdates to pol^ipeptides, and inparticoUff molecules capable 
of stabiiilsitag native coaSanmAsaa of Bpolypeptide. 

3 BACItGHOUWd TOTHE iNVEW-nON 

Thfi maintenance of a tertaiy structure is crutiflltoD'otein activity. Thus, the 
coofemiatioa of a plays an essential part ia its ability to bmd jpnother molecule, or for its 
eDzyraatic activity. When pvotefa coafiMjnaiion is disrupted, for exwnple, by denaturafiow, 
aedvitymaybelost. 

10 The tumour suppressor protein pS3 plays a key role in the protection of cells from 

oencar. It is a transcription factor, which exists in low levels in normal cells and is induced 
in response to DNA damage or to other conditions under vrfiicb there is a danger to normal 
cell grawtii (reviewed in Hupp et cd^ 2000; Sigal and Rotter, 2000)! Following Ae 
increase in its ccUular level, p53 acrtvates several genes, and triggers celliJlar processes 

IS that prevent the proliferation of the genetically impaired ceUs. This la achieved hy 
mediating cell-oyde arresi or by apoptosb. 

Mote than 50% of human cancers have mis-sense nuitalions in the gene coding fw 
p53 that result in its inactivation (Hafaaut and Hollstein, 2000). Nearly aU sunh nratations 
aie b the DNA-bindfag core domain (JIainant and Hollstein. ^^^^ 

20 canoarwdated mutations are the Tiot-i9)oi8"R175H,G245S. 

and R282W. Based on the crystal stroctere of p53 coib domain (Qip et dL, 1994)» these 
mutations can be divided into two categories: (1) DNA-contaot mutations (R248 md 
R273), which result in loss of DNA-bindtag residues, and (2) "structural mutations", 
which result in strurtural changes in p53 core domainlfaiff can range from local distortion 

« to complete unfolding, A new assessment of the mutation database (Bullock a ai, 2000), 
based on thermodynamic aiaWUty and DNA binding properties of the miJtaDJS, d^^ 
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three broad phenotypes: (I) DNA-contact mutalions that have little effect on 
folding/stabilily (e.g. R273H) (U) mutations lhat causa a local distortion, mainly in 
proxiimty to the DNA binding site (e.g. R249S, -wbich are usually desbiblHsedby <2 
kcal/mol): and (iii) mutations that cause global unfolding (a-g. mutations in fte core 
5 domain p sandwiclO tljat are destabilised by >3 kcal/mol (eg 11951). 

Activation of mutant core domain by short peptides daived from flieregidaiwy C- 
tetrainal domain of p53 (Abaizua et a/, 1996; Hiq>p etal., 1995j Sdivanovae/aZ^ 1997; 
Selivanova et al, 1999) has been proposed as a means to stabilise p53. ITwse peptides 
work by specificaUy regulating the core domain activity laflierflian stabilising it 
10 Accordingly, such prior polypeptides are not retevant to the invcnlioii disclosed bete. 

It is a proWtem in tbe art to iffovidfl a means to rescue pS3 mutants, and other 
mutants in tumour suppressor protdns, to restore tumour soppreasion acti.^ for cnicec 
liwrapy. Mutations in onoogmes are also biowi to canse tffl^ 
problem in the art to provide means to rescue such oncogeidc mTrtationS. 



15 svPff^fApy 

We have realised fcr flie first time that difiwect classes of mrertants of inmour 
suppressoc protema and oncogene proteins require dlfifeieni rescue strategies. In order to 
lescoe DNA contact mutants of tumour suppressor proteins, for example, there is a need to 
introduce fimotional groups that wiU establish new contacts with the DNA, compensating 
20 «br fliB missing contacts. We have discoverad that rescue of globally un&lded or locally 
distorted mutants may be achieved by stabilisation that ^ lead to refolding of the 
mutant, which in ten wiU lead to restoration of the wild-type p53 activity. 

It has been reported that the rescue of mutant p53 may be achieved by small 
molecules, e.g. CP-31398. CP.3 1398 is said to stabilise only newly syntfaesised p53 that is 
2S in the acdvBconfoimation, which then allows the time dependent accumulation of this 
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fraction (Foster erdf/^ Science, vol 286, 1999, 2507-2510). However, we and others have 
not found that CP-3 J398 does not in «3trt work to stabilise active confozinations of p53. 

We therefore provide for the firat time a molecule which is capable of biuduig & 
native confbimation of a protein, such that the bmdlng stabilises the native conformation. 
5 We tern sucih a molecule a "stabilising molecule**. Stabilisation of the native conformation 
enables the equilibrium between an unfolded, denatured and/or inactive conformation of 
the polypeptide and a property folded, native and active fomi to shijft towards the latter. 
Accumulation of native p]:otein therefore results. 

There is provided, according to a second aspect of tiie present invention, a mjelhod 
10 of increasing tile concentration of a native state of a xev^bly denatured polypeptide in a 
system, in which the system comprises the polypeptide in a first native state and a second 
denatured state, the method comprising: (a) providing a stabilising molecule which binds 
to the polypeptide at a site which at least partially overlaps a fiinctional ^te in the first 
native state and thereby stabilising the first native state of the polypeptide; and (b) 
15 allowing the stabilisu^ molecule to bind to the polypeptide. 

We provide^ according to a third aspect of the present inventbn, a method of 
lestoriiig a wild type pbeno^ of an organism eomprismg a mutation ia apolypqjtide, in 
which the mutation leads to denaturation of the polypeptide and a mutant phenotypei the 
mefhod comprising exposing the organism or part of the organism to a stabilising 
20 molecule which binds to the polypeptide at a site which at least partially ovedq>s a 

fimctLonal site in its native state and thereby stabilises the native state of the polypeptide. 

As a fourth aspect of the present invention, there is provided a method of treatment 
of a disease in a patient, m winch the disease is caused by or associated with a mutation in 
a polypeptide which leads to denaturation of the polypeptidep the method comprising 
23 administering to the p^^jient a stabilising molecule which binds to the polypeptide at a site 
\vbiQh at l^st partially overlaps a iunetional site in its native state and th!e»:d>y stabQises 
the native state of &e polypeptide. 
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Id a preferred embodiment, the stabilising molecule is not a natoal binding partner 
of the polypeptide. Preferably, the stabilising molecule consists of a jfragment of a natural 
binding partner of the polypeptide. More preferably, the stabilising molccdc is a 
polypeptide engineered to include a polypeptide binding doTndin» preferably a binding 
S loop, of a natural binding partner of the polypqptide. 

The stabilising moleoile may be exposed to polypeptide or the system in presence 
of a natural binding partner of the poIypq>tide. Preferably, the affinity of binding between 
stabilising molscnie and the polypeptide or binding site is less than the aflBnity of a natural 
binding partner of the polypeptide and the polypeptide or the binding site. More 
10 preferably, binding between the stabilising molecule and the binding sire stabilises the 
polypeptide to enable bmding between the polypeptide and a natural binding partner. Most 
preferably, binding between the polypeptide and lh& natural binding partner stabilises the 
native state of the polypeptide. 



We provide^ according to a fifth aspect of the present mvendon, a mefhod of 
15 assisting the binding between a polypeptide and a natural bindiiig partner for the 
polypeptide, the msHiod oomprising stabilising a native state of the polypeptide by a 
medioddccanfing to any preceding claim, and exposing the stabilised polyperptide to the 
natMial binding partner. 

Hie presoit invention, in a s]x&. aspect, provides a method of assisting the bincUng 
20 between a polypeptide and a fust molecule, in -v^ch die polypeptide exists in a native 
state and a denatured state» the meSiod comprising: (a) providing a second stabilishig 
molecule capable of bindmg to a site wticfa at least partially overlaps a ftmctional site in 
the native state of the polypeptide; (b) allowixiig the second stabilising molecule ts> bind to 
the polypeptide to form a complex and thereby stabilising fhie native state of the 
25 polypeptide; (c) exposing the polypeptide and bound second stabilising molecule complex 
to the first molecule; and (d) allowing the first molecule to bind to the polypeptide and 
thereby (Usplacing the second stabilising molecule. 
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The fuQctioii^l site preferdbly comprises or at l^ast partially ovedaps with o a 
structural domaio, a pzotein binding domain, a mddic acid binding domain^ or an active 
site of an en2>Tne. More preferably, the functional site is es$antial to the stmotiue or i 
activi^^ or both, of (be polypeptide. 

_ . In a highly preferred embodiment of the invention, the polypeptide comprises an 
oncogenic protein or a tumour suppressor ptoteiiu Preferably, the polypeptide is p53. More 
preferably, the polypeptide is p53 vMch comprises a mutation, preferably R175H, 024SS, 

R249S, R273H, R282W and I195T in \vfaich the mutation leads to revetsible 
denaturatioja of flie polypeptide. 

The stabilismg molecule may comprise a CDB3 polyp^lide having title sequence 
REDEDBCEW. 

In a seventh aspect of the present invention, thexe is provided a stabilising 
molecule wfaioh binds to and stabilises die native state of a polypeptide^ but not a 
denatured state of l2ie polypeptide, in vriuch the stabiliang molecule binds to a site which 
at least partially overly a fimotional site of the polypeptide, and \n which the stabUlsmg 
noolecule does not consist of a nahoaJ binding partner of the polypeptide. 

Rreferaibly^ the polyp^tide is p53. More preferably, the polypeptide is p53 which 
Gon^rises a mutatioo, prrfeiably R17SH, 0245S, R248Q, S249S, R273H, R282W and 
I195T in which the mutation leads to leversible denatui^tioB of the polypeptide. Most 
prejfaably^ the stabilismg molecule comprises a CDB3 polypeptide ha^mg file sequence 
REDEDBIEW. 

AcGordbg to an eigbih aspect of the present invention, we provide a method of 
identifying a stabilishig molecule capable of stabilising a polypeptide, in which the 
polypeptide may be xeversibly denatured such that it exists m a native state and a 
denatured state, the method comprising the steps of: (a) providing a native state of the 
polypeptide comprising a functional site; (b) exposing the polypeptide to a cancUdate 
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stabilising molecule; (c) selecting a candidate stPbiUsing mQleculd which bkvls to a she 
vibkh at led^t pattielly overlaps 9 flmctiDnal site of the native state of the polypeptide; and 
(d) detemiipiftg whether 9uch 'bindh^ stabilises fixe n^dve state of the poljipepdde. 

We provide, accoi^g to a ninth aspect of the invention, a method of identii^ing a 
s stabilising molecule capable of stabilisiz^ a polypeptide, in which the polypeptide xnay be 
reversibly denatured sudh that it exists in a native state and a denatured state, the method 
cranprising fhe steps of: (a) idenlaiyiqg a fiuici&mal site of the polypeptide and providing a 
polypeptide fragment comprising the fimctional site; (b) seiectiflg a caDdidate stabilising 
molecule which binds to the polypeptide fragment at a site which at least paitiaBy overlaps 
10 a fimclional site; (c) detetioimng whether the selected candidate stabilising molecule 
stabilises a nadvo state of a polypeptide. 

The polypeptide Pigment may compri^ the functional site includes a bindhxg site 
for a natural binding paitner of fhe polypeptide. 

There is provided, hi accordancd mfh a tenlh aspect of the present invention, a 
IS stabilising molecule capable of stahilismg a polypeptide, wUcb is identified by a method 
accoidmg to the previous two aspects of the mvention. 

A stabilising molecule as described here pisfbrdbly comprises a natural or 
derivatised caibohydrata, protehi, polypeptide, peptide, glycoprotein, micldo add, DNA, 
KNA, oligonucleotide or protein-nncleia acid (FNA). The methods as described here may 
20 employ such a derivatised or natural stabilising molecuHe. More preferably, the stabilising 
molecule is denvatised with a sugar, phosphate, amine, amide; sulphate, sulphide^ biotin, a 
flnorophora or a ohiDmophore. Most preferably, the stabilismg molecule is derivatised 
usuig a fluorophofe, preferably fluorescein. 

The binding of a stabilising molecule to titie polypeptide may be detected using 
25 NMR spectroscopy, preferably heteronuclear NMR spectroscopy, flnoresecence 
anisottopy, surface plasmon resonance, or Differential Scanning Calorimetiy (DSC). 



X 



21/11/2001 15:14 +44023B8719800 TMl^ 

PA^ 10/71 



As an eleventh aspect of the invemioi]^ w provide a stabilking molecule according 
to file i^v^t previous aq)ect$ of the inventioii f:^ use in the tr^tmont of a disease, 

We ptovide, according to a twelflh aspect of Hie invratioiw thore i$ ptovided a 
phaimaceutical compoaitioti comprising a stabilising molecule as described here-together 
5 ivith a pharmaceotically acceptable carder^ diluent or eid^ 

According to a thirteenth aspect of the present invention;, we provide use of 
ataUlisbg molecule as described here in the manufacture of a medicdmeirt &r treatment of 
a disease. 

There is provided, according to a fourteenth aspect of the jHesentinveplion, use of 
10 a stabilising molecule as described here in the treatment of disease. In a hig^y preferred 
embodunent of the uavenfion^ the di^se is cancer. 

BRIEPaEaCMFTlOW Qg THE FtCURES 

Figure 1 shows the crystal structure of fiie p53 core doiriain (blue)-53BP2 (red) 
complex (coordinates taben from Gorina and Pavleiich, 1996) with tiie three 53BP2 
15 derived peptides synthesized for this study highlighted : CDBl (residues 422428) - green, 
CDB2 (reridues 469-477) - yellow, CDB3 (residues 49CM98) - puiple. Picture is 
geneicated using swissPDB viewer (Ouex and Peitsch, 1997). 

Figure 2 sbowa a ]H| ISN HSQC spectra of p53 cote domain m the presence (red) 
and the absence (black) of 0)63. Selected residues that show signifimt chfinrical shift 
20 deviation in presence of CDB3 are UgUi^ted. 

Figure 3: shows the bindmg of pS3 core domain to immobilised peptides analysed 
by surface pla^oc resonance, (a) Screening fbr pS3 core domain binding peptides. 
Biotinylatcd peptide^ ate immobilised on a str^3ta>ddin BIAcoie chip and pS3 core 
domain (7.2 iM) is uyected. The values shown are nonnalised by the response vpon pS3 
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injection to ibe flow diasml without oxiy iixnttobilised peptide. 

(b) Concentration dependence of p53 c^re domain binding to inunobilised CDB3. 

(c) Titation of CDB3 binding to p53 core donuanby compedtion BlAcore. The 
concentCBtion of fiee f{53 core domaia (reflected by associfction rate hk binding to 

5 iimnobilized CI7B3) is analyzed by BIAcoce aft^ incubation of O^i^M p53 coxa domain 
and various concentrstions of fiee CDB3, 

FLgare 4 sbows the chemical shift dianges ( d) in p53 coie domain upon binding 
to CDB3, (a) wi '^N Chemical shift deviations plotted against lesidue number. 
Deviations fibove 5 tira^ Ibe standard deviation ( ^JlSppmfor^^and a>O.0Sppm 
for ^H) are considered s^ficant (vvinte background), d difiezences between 2.5 times 
and 5 times the standard deviation (0.125< 3<0.25ppmfor^H0.025< 30,05 ppm for 
^H) are considered as minor (light grey background), and d differences below 2^5 times 
ihestandaxddem&nC d<0.125p(mifor '^and d<0.02S ppm for ^H) are considered 
insignifioant (dark grey background). 

(b) Chemical shift changes the p53 core domain stmctnre \spovL CDB3 bindin,g. 
Residues mtfa significant chemical $hifi change& are coloured blue» residues "with minor 
changes are coloured purple and residues with oo change are colovEred yellow. CDB3 in its 
orighsal portion ia the 53BP2-p53 complex Is sbomt in ted (coordinates tdsen fiom 
(Oorina and Pa^etich, 1996)). 

20 Fl^ra 5 shows the C0B3 binding to pS 3 core domain analysed by anisotropy end 

ftuorescence. (a) Wild-type and mutant pS3 core domain are titrated into a fluorescein- 
labeled CDB3 (4.6 iM). Changes in amsotropy are monitored and analysed, (b) 
Competltioa experiment vi4iere imlabeled or biotinylated C0B3 are titrated Into 0«S0 hM 
fluorescein -labeled CDB3 ^d 2.0 \M p53 core domain wild-type (■ and , 0.2^mM end 

25 2,6 mM unlabeled CDB3, respectively, and 0.24 mM biotinylated CDB3). 

Figure 6 shows Ibe stabilisation of pS3 core domain by FL-CDB3. (a) differential 
scannittg calonmetry. The apparent To, of wild-'tn;>e and R249S core domain in the 
preseawe or absence of FL-CDB3 is deienpined as described in materials and methods. For 
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the Wild-type core doxn^iiQ rrf=40.1 X ill the Bibscncft of 1i» peptide oaiAl^X Inits 
presence. F« R249S r„=34,9 in the Ktoenee of the peptide wid 3S.9 »C In its presence. 
Rawdjitaare 8havmandar8ofEsdfi3rclari1y.Cj-*)U«adq>endeooerf^^^ 
binding. Waa-typepicoiedomainistitKitedir^ • 
of increasing area concentrations. »d chenges in anisohopy we momtered. (b) anisotropy 
titradon curves mdcrvarioiisweacoii^^ (c)l0g«ifi)tthep53 «»«doiiudn. 
CDB3 interaction vM urea conceDtrafion(d) a)B3 induces rrfolding of pS3 ccoe 
doxpain. Wild-lOTep53 core domidnispie-incubatedovw^ 
mlhfluoiescein-lBbdedCDB3 and Iheanisoticpy change ovw time is rao^^^ 
control, the sameprolm is inixedydlhSMittea and with fl^^ 
without pre-incubsSon and anisoiropy changes over time are monitored. 

Flgiire7;dMW«lhe"<:hfl)erone*strategyfori^ueofp53. (a) DNA competes 
vd<hFl.a)B3onp53«wdomahifeindiag.3a-mergadd45DKA(+=25M^^ =5iaM) 
wa» titrated into a mbeture of p53 core doraain-FL-CDBS as described in maleiials emd 
mefteds. <b)CaJB3i8*tores DNA biiiding to &e 11951 mutant Il95T(10^M)vvas 

pcdncobated &r 1 h In the presence (») and the absence (x) of I OOjxM CDB3 and titrated 
intolSiMftaOTesceb.labeled30-merGadd45DNA.DissociationoonstaHtsw^ 
calculated fh>mafittoal;l binding model.(c)Aschematic model Of theproposed 

HKChaniam of action for CDB3. See text fi»r details. 
20 ^ ^xnMJ> Desr ^tPTioN m THE TNVEWTtON 

Hie invention reUes on the provision of a stabilising moleoule which U capable of 
bmding to a native form of a polypeptide, tbawby stafeilishxg it. 

Where the polypeptide exists in eqailibrium between a native, propedy folded or 
active form andadenatured. unfolded or inactive fom^Wndtogofthe stabilising moleoule 
25 tothenativefonBofthepolypeptidestabillseahanddrh^^theequili^ 

folded, active or native foim. Thus, fhc stabUiring mohscole is capable of tocreasing the 
Mlative concentration ofanativefbrmcfapolypeptide as con«««dtDadenatniedto^ 



15 
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Such a stabilising molecule will bind the native^ but not the denfitured state of the 
polypeptide. The law of siass dictai&s that in such a case the equfllbdimi MinU h& shifted 
towards the native state and tlie amount of active pioteiA will increase. 

Preferably, the polypeptide is revcrsibly denatured. In other wotxJs, a proportion of 
5 the polypeptide molecules in any system is in tiia native, folded, or active form, and a 
proportion of the polypeptide molecules is in the inactive^ unfolded (Aether partially or 
iuUy) or denatured foim. Such dsnaturation may arise though vanous means, and the 
invention is suitable for use in my of these situations. Thus, the polypeptide may be 
ejgiHssed to an enviionmeDt which results in Its denaturation; for example^ by being 
10 exposed to a non-pbysiologieal envirenmeat. The polypeptide may be o)ddlsed by 

exposuze to air, or denatured by exposure to heat, high or low salt coneenmitiQns, eto. The 
polypeptide Jnay be denatuxed by virtue of a co*&otor being removed from ft. 

tn a U^y pief eired embodiment, however, the reversible draatoration of the 
polypeptide results firom genetic mutation. Thus, a mutation in the sequence of die 
15 polypeptide results in its deatabiiisation and tenden^ to denature, Freferab^, such a 
mutation results in loss of activity of the polypeptide. The mutation may result in a mutant 
phenotype of the polypeptide, or oell, tissue or organism eomprishag the mutant 
phenotype, $iich a mutant phenotype beii^ different in some detectable way fix>m a wild 
type phenotype associated with aumnut^tated or wild type polyp^da The methods of 
20 cur invention are therefore suitable for rescuing such a mutant phenotype. These methods 
may also be used to rescue a mutant form of a protein, for example, an oncogene protein 
or a tumour suppressor protein, by a stabilising molecule binding to the native state of the 
protein, but not the denatured state, and thereby shifting the equilibmim wUch exists 
between the two fiiixns to the nativo statei 

25 It is known that mutated forms of oncogenes and tumour suppressor proteins are 

involved in tumouro^nesis. As noted above, sudi mutations may lead to partial 
denatutation of Cfae polyp^tide and loss of activity. ThetejEbte the methods of our 
invention are suitable for stabilising such mutated oncogenes and/or tumour suppressor 
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pnHdns and restoring wild type actL\4ty. Accordingly, the ine^ds described here are 
suitable for rcscufaig wild type activity of oncogenes and tumour suppressors, and hence of 
preventmg tumouiogenesis wi/ot cancer. Prefarably, the oiu^ogene comprises p2 leas, or « 
any ctheroncogeae knowa in the m. Prefer8lily> the tumour $uppressor oomprise^ pS3 or 
5 retinoblastDma protein. Tbe pS3 may comprise a motaticm leading to partid denatazadoD. 
preferably reversible denatunition. Examples of such motstions include R17SH, G24SS. 
R248Q, R249S, R273H and I1282W. 

Furthermore^ it i$ known that many diseases are cansod by or associated with 
polypeptide mototions, which mutadoiis may lead to destalnlisation and reversible 
10 denatuiation of the protein. Adminxstradon of a stabilising motecide as described hsre to a 
patient suifezing finom such a disease will stabilise the native form of tbe polypqytide. and 
increase the amount or relativo concentration of the mitlve fbnn ov^r &s denatured fonm. 
Accordingly, administration of stabilising molecules suiy be used to treat diseases 
associated with or caused by such mutations. 

15 In a highly preferred embodiment, the stabilising molecule binds to a she which 

comprises or at least partially ovcriaps a fimctional site in the polypeptide. Preferably* the 
site at which the stabilising molecule binds overlaps or consists of the fimctional site. Such 
a lundiona] site preferably comprises a site which is essential for a rdavant activity of the 
polypeptide. The jEbnctional site may also be essential for &e strooture of the polypeptide. 

20 The fimctional site msy be an hiteractioa aitCt which interacts wiifa another molecule m the 
cell, such as a natural binding psitncr of file polypeptide hicluding another polypq>tid^ a 
small molecule^ a ligand, a noacromolecule, a nucleic acid, etc. 

Examples of such Amctlona] sites include acdve shes^ or s^atrato bbding sites, 
where the polypeptide i$ an enzyme. In the case of binding proteins, the ilmctional site 
25 comprises, or at least overiaps, a binding site or binding dom^ of the polypeptide. Thus, 
in &e case of nucleio adid binding sites, the functional she comprises a nucleic acid 
binjding site, such as a DNA binding site in a DN A binding protein, or an RNA binding 
site in a RNA bmding protein. Where the polypeptide interacts with another polypeptide 
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Le., has polypeptide bimJing activity, the functional site preferably comprises a 
polypeptide iateraction iomsaa. or sequence, i.e.» it includes, oveileps, or is a sequence 
which lateiracts with another polypeptide. 

Pteferably, iherefoie the stabilisation of the native state of the polypeptide enables 
5 ihe binding of emother molecule to ihe polypeptide. This other molecule is piefiaably a 
different molecule or wielaled mokcale to fee stabilising molecole. Tim, stabilisation of 
the polypeptide by the stabilising molecule piefetably enables aproper conainnatlon of 
the ftmotional site to be mauitained in the polypeptide, to aUow the btading of Ihe othisr 
molecule. Preferably, the othar molecule Is anatural bintfing partner of ths polypeptide, 
Ift forexanqjle^aDNAwberethepolypeptideisaDNAbindingpiOtein. 

Thus, the stabilishjg molecule is capable of cocqwting vrift the binding of a natuial 
' bmdingpartnerofthepolypeptidefi»WndIi«tothBpolypq(tideOT 

Prefembly, however, the affinity of binding of the stabiMig molecule to^ 
is less than the affinity of binding of a natu«albtadlng partner to the polypeptide. Thus, the 
natural binding partner is capaWe of displactagtheatabiliflingindetwle fimmlh^ 
fimcijjmal sitB, orae bmding site of tiK 

embodhneot. the binding of tiie stabilismg molecule to the poljrpeptide stabilises the nativo 
state of the polypeptide for long enou^ to enable binding of the aatoial Wading partaa: to 



15 



20 



25 



Binding of the stabilldng molecule to flie native state shifts ihc cquiUbrium to this 
6taie. Piefsnbly, theiefiiw, fl» atabiEsins molecule does not require energy for its 
stabilising stabilising activi^. TTte staWliatog molecule as described does not actively 
refold the polypesptide, in contrast to dassic ch^etone aolivily. 

Prefbibly, the fimctional site exists only in the native, acdve or property folded 
fonnof tiiepolypeplide. More preferably, the functional site does not exist i» the 
denatured fonn of the polypeptide. Prefembly. the a£5mty of binding of the stabilising 
moleoiile to the native fem of the polypeptide is greater than the affinity of binding to the 
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denatured fotnx of flie polypeptide. In a hi^ ptefcrred embodiment, *e staUlidng 
naolacule substantially only binds to <hft native fonn and not the denatured form of ttifi 
polypeptide. 

While small stabilisiag moleaales are included, pfefened stabiKsing molecules 
5 comprisepolypqrtides, preferably derived tomnaturdbind^ 

to be stabilised. This overcomes Uw afficuKy and expense of synthesising small 
molecolBs. In addiiioa, it is often difiScoltto scate up Use synthesis proced«re of identified 
small molecules. 

Althou^i natural binding partners of ihfi polypeptide to be staWlised may be used 
10 as strfnlising molecules, a highly prefeired embodiment reUes on the use of a stabilising 
molecule which is not a natuial binding partner of die polypeptide. By this we mean that 
ihe staHHsing molecule is preferably an engineered molecule, which does not exist in 
nature, but which is enable of binding to the polypeptide in its native form and stabilising 
it Engineered stabUising molecules may te generated by means known in the art, 
IS indnding recombinant DNA technology. They preferably comprise or consist of ftagments 
of natural btading partners, preferably fragments comprising binding acliviiy. Urns, fitf 
eacample. where the stabilising moleculeU a polypeptide; this sratably oonsiBla of oi 
comprises a polypeptide binding sequence, loop or domaift. An exaoajjle of iMs is a 
stabiliaing molecule condsting of CDB3. which is a fisgment of a p53 WndiOE 
20 polypeptide 53BP2 (accession numb» KMJ)05426.1). 

One skilled i» the art wiU q?Keeiatc «iat the stabilising molecde 
isolation in the rescue of mutant protsSns. Altematlvely, it m)V«* in conjunction wifii 
another peptide, or other staMUsing molecule in die rescue of the protein. TTwe may be an 
ad*tive eftbct between one or more peptides or molecules, altematively th«y may act 

2S 



In a ptefcrred embodiment, the polypeptide is an oncogenic protein or a tumour 
suppressor protein, preferably a mutant oncogenic protein or a mutant tumour suppressor 
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protein. Advontageously, the protein is pS3, prefbiddy a mutant of p53. Hie tumour 
suppressor protein may comprise retinobkstoffla protdn (RB). Those skilled in the art will 
appreciate this Ust is by no means ^uchaustiva. 

Tbe binding of the stabilising molecule to the native polypeptide may detected 
5 using any suitable means Imoivn in the art. Prefencedmeans inchxde physical nxefhods such 
as NMR spectroscopy. In a preferred embo^ment the NMR iqvolves the tise of 
heteroxuicleor NMR spectroscopy. The binding may also be detected wng surface 
plasmon resonance. Alternatively, the binding of the $tabilisuzg molecule to tlie n^ve 
form of the polypeptide is detected using DvGEcrential Scanning Calorimetry (DSC) aad or 
}D fluorescence anisotropy. All of these methods will be familiar to tibose skilled in the art 
and are desCTibed in detail in this document 

In an alternative embodim^at, the bindi]:tg of the stabilisiiag molecule to each state 
of tbe polypeptide, Le,, native or daoatured^ may be detected by examining the fi^on of 
the polypeptide sample which ea^iesses an epitope for one or more moiiioclonal 
15 antibodies, which epitopes axe only {nesex^t in one fbnn of the polypeptide. Other suitable 
methods for detecting con&CTnattonal changes in proteins include, but are not limited to 
electrophoiesis and Ain-layer dbromatography • Those skilled m tiie art will be awaie of 
other suitable methods. 

In a particular embodiment, the polypeptide conqprises a DMA Undmg protmn. A 
20 mutated form of tiie DKA biadix^ polypeptide comprises a denatured form ^hich is 

incfqpable of blading DHA. A stabilismg molecule is provided which binds an unfolded or 
distorted oncogenic protein which U unable to bind DNA, and shifts the equilibnum which 
exists between the denatured state and the native ^wild-type' state tovs^ards the latter, DNA 
can then bind the mutated protein, displacing the molecule, which is preferably a peptide, 
25 so that it is free again to bind another protein molecule. 

In a pre&riied efflfaodiment» denaturation of a polypeptide arises fipom mutation in 
the polypeptide. Sudi mutations may cause a local shuctural distortion^ compared with the 
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v/M type. In the contect of DMA biading protebs, mutant ptotdos uiay comprise 
mutations mainly m dose pwximily to the DNA binding site Tjfpically mutant proteins of 
this type wni be destJibilised by less than 2 kcal/moL The tern 'mutBoit protein' also 
indudes wlihin Us scope protems possessing fliose mutations which cause global 
imfblding, fer exanple in *e cote domain beta sandwidi of a DNA binding i»otein auch 
as p53. locally mutawtprotdns of ftis type will be dtsstabiUsed by greater than 
3kcal/moL The tenn 'mutant protMi' m herein defined does not include witfain its scope 
contact mutants -vMob. have little effea on ftriding or stability of the protein. 

Core domain in the context of this docmnent describes a region of a protein, 
10 preferably a p53 protein, which generally has a defined secondary and/or tertiary amino- 
acid conformation. It is generally structorally stable in liie absence of Qie reoiainder of the 
protean, and advantageously confers structural stability on the protein. Mutations within 
this legion will often cause structural instability and partial or total unfolding of the 
protein and/or loss of functional activity. 

IS An oncogenic protein inclodes a protein whicft plays a rote in liie onset or 

maintenance of cancer. In addition, in the context ofdiisdocament the tepn'oncogento 
protein' also includes withnx its scope proteins vtacb. haw a role in the suppression and/or 
prevention of the onset or mainlcnanoe of cancer. Qnoogenio protems of this sort inchide 
tumour suppressor proteins, such as pS3. 

20 ApolypepUdelna"nativc«tate''nayindudeaoonforinationvrtdehoones^^ 
the oonftmtiation of a wUd-type polypeptide. The polypeptide »nay comprise a weU- 
deSned three dimensional structure, and nagr coniprise anativo biological and/or bmding 
acdviQr . A "denatured polypeptide" in the context of this document describes a protero 
which is ai least partially siruttnrally distorted, and/or unfolded as compared with the 

25 native/vrfld type protein. Generally, denatured piotrinshawe at least a part^ 
altered biological actinty as compared with the wld ^ or native protein. 
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A polypeptide, pteferably a mutant pol;ypeptide^ i$ '"rescued" when fbe propojction ' 
of nadve (versus deoatured) polypeptide under acertain of conditiojis is incieas&d as 
compared to an ua-xescued polypeptide. Hie flonnal biological and/or bindixig acdvi^ 
and/or structure native fbim of the protein may be restcnred, pre&iably to a substantial 

5 number of polypeptide molecules. Advantageously, a propottion of polypdpdde molecules 
which m rescued have the same structural confbxmation as the \yiUi-typ6 or native 
protein. Preffetably, the nielhgda described here are capable of increasing the pmportion of • 
native polypeptide by 10%, 20%, 30%» 50%> 60%, 70%, 80%, 90% or more. 
Preferably, 50% or mora, preferably 60%, 70%, 80%, 90%, 95% or more of the molecules 

10 b a polypeptide population are in the native state. Most prefexably, ^ubstaisdally all of the 
polypepijde molecules in a population are in the native state. 

Unless defined otherwise, all technical and scientific tenns used herein have the 
sanoe meaning as commonly understood by one of ordinary sUU m the art (e.g. , in cdl 
culture, molecular genetics, nuclde acid diemistry, hybridisation techniques aod 
15 biochemistry). Standard techniques are used for molecular, genetiio and biochemical 

meOioda (see generally, Sambrook et a/,. Molecular Clomng: A Labotaioty Maasual, 2d ed. 
(1989) Cold Spring Harbor Laboratory Press, Cold Spiii^ Haibor, KYrahd Ausuhel et 

a/.. Short Protocols bi Molecular Biology (1999) 4^ Ed, John Wiley & Sons, Inc. \vhich 
are hcozporated herein by reference) and chemical methods. £i addition Ibiiow & Lane., 
20 A Laboratory Manual Cold Spring Harbor^ N, Y, is ze&rred to for standard bnmunological 
Techniques. 

STABHiTSING MOL£CU]t£ 

Stabilising molecules are capable of binding to the native form of the polypeptide 
in questioa The bmding site of the stabilising molecule may overlap at least partially with 
25 a fimctlonal site of the proton, or it may conrprise or be comprised in the functional site. 

The binding of the stabilising molecule to the polypeptide mus; be such that it 
stabilises tiie native form of the polypeptide. Thus, the binding site for the stabilising 
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molecule nssds to be present i» the native fim of Ihe polypeptide. PiefcraWy, 1i» Wndiiig 
she of the stabilising molecule is not ptesent in a douanwd &nn of ihe polypeptide. 
Hov«ver.wbere1hl8l8toCMe,tJi»staWIisingmoIec^ • 
vnih a hi^ afHniJy lijfln the denatoied fi>m; ft 
S native &im of tbe polypeptide. 

The binding of tbe stabilising molecule to tlie binding sitiB, or the polypeptide, may 
ocouc by my know mechamsm, e.g, by iooie, covaleat, polar bonds, salt bridges, van der 
WMl9 imwactions, hydiopholrio interactions, etc. Tbe stabilising moleciile may stabiUsc 
ths polypeptide by mdnteining it in a certain confomiation, or by inducing a 

10 oonfonnational ohange, etc The mschanism by wMob the stabilising molecule stabilises 
liie native form of die polypeptide ta not crucial, only that it does so yrhen bound to tbe 
■ polypeptide. Preferably, the stabilising molecule does not bind to the denatured form, or 
w)iete it does so (wich less aiBnity as noted above), it does not stabilise the denatored fonn 
to any substantial extent Where stafailisadon does occur, tbe dcastuied form is stabilised 

15 to a lesser extent tlian stabilisation of fbe native fonn. 

Where reference is rnade to "stabilisation" of a polypeptide or a form of a 
polypeptide, this is to be taken to mean diat the polypeptide or Saaa is less susceptiWe w 
unfolding or conversion into anotiiar form than otherwise. A stabilised polypeptide wiU 
preferably have a higher melting point (T„0 unstabilised polypeptida. Hms, 
20 8tabiUsab'onofapolypeptidexaise8itsapparentT«.Prefctably,thftTrtisiaiaedbyO.S, 1. 

1.5. 2, 2.5, 3, 4, 5, 6. 7. 8, 9, 10, 15, 20, 23, 30 or moredegrccs- Means fijr making Tm 
measurements are loMwn in die ait 



25 



Stabilisation may also be assessed m terms of kCal/xnol or equivaleoi 
measuiemeats* for axampte U/mol. Piefcrably. a stabilised polypeptide bas an increase of 
0.5, 1, li, 2, 2.5, 3 "or more kCal/m«l or U/mol compared to an unstabUised molecule. 
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Stabilisation may ht used to xe&r to a shift in e4)uilibiium from ode foxm of 
the polypeptide to anotiser. Thus, stabilisatioxi of a fistm of a polypeptide may rosult in a 
higher prgportion of polypeptides in a relevant population beipg in that.fbun. 

Furtliffinoie^ staHIisfltioii my also be assessed by 
5 fofln of polypeptide exists in qs» fonn compared to anoflmr. 

Stabilisiiig molecplas may be identified by various meW. Suitable candidates may 
be identified &om ifaose mAlecules which bind to a polypeptidd close to, at an active or 
fiznctiooa! site. Candidates may be Idendfied fiom knovm mpleculos which bhid to fte 
polypeptide in question, Sueh molecules may compzise polypeptides, small molecules, 

io nucleic acids, etc. Fragments of such molecules, for example, fbagments of a known 
binding polypeptide conq>risiflg for example the binding site, may be generated and 
screened. Fragments of the polypeptide to be stabilised itself may be generated as 

candidates also- These can sidtably include Siagments withm the polypeptide which " 

interact with the functional site to stabilise it, or which are involved in stabilising the 

15 polypeptide as a whole, preferably by binding close to or at the binding site. In the specific 
Escamples presented below, candidate binding peptides are generated fiom the p53 
molecule itself and assayed for stabilisation of p53 . 

Assays to identify fudh molecules may bfi U9ed» as known in the art For example 
a library (such as a combioatorial library, or a nuoleio acid library^ or a polypepdde 

20 Ubiary, which may be expressed on a host by for example p^ 

for binding to the polypeptide or a jSragmem of titie polypeptide compfiaing the fimotional 
site. Mass screening may mvolve the use of anaya of candidate molecules, or 
polypeptides, or £:agments of 1bc$e. Database searches for known bindmg molecules may 
be carried out to identify candidates. Binding assays may be carried out using ELIS A, gel 

25 shift ass^s, ox other mel^ods as set out in greater detail below. 

A "functional site" as the term is used here, refeors to a site which is involved in 
maintaining a relevant activity of the polypeptide. Functional sites for many polypeptides 
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are known, md 2tc listed in prctdn (ktabasas or in the liter^itute for the relevant 
polypeptide. Such functional sites niay bclude binding sites, for example, sites which 
modulate binding of the polypeptide to another molecule, such a$ another polyp^tide, 
micl<jc acid, or other molecule such as a ligand The junctiona] site may also include a ^*te 
5 essential for thd structure or activity of the polypeptide^ whether tins is bmdhig activi^, 
iex^ymatic euifivity orany otto fcind of activity. Me&ods for assaying such activities will 
depend on fte particuUur attivi^ GiMioeMiedp and 1^ 



Candidate molecules ^vliicb are identified may be tested for their abilily to stabilise 
the native form of a polypeptide, }jy^ fox e^cample^ conipadng Qie mating point of a 
10 polypeptide compared to a complex of the polypeptide and the candidate motecule. 



NATime oFST/UftiLzsiNG MouscmB 

As used herein, the tenn '"stabilising molecule" includes but is not limited to an 
atom or molecule, wherein a molecule may be inorganic or organic, a biological effector 
molecule and/or^ nucleic acid encoding an agent such as a biological effector molecule, a 
15 protein, a polypeptide, a p^'de, a nucleic acid, a peptide nucleic acid CPNA), a virus, a 
virus-like particle, a nucleotide, a riboEUcleotide, a synthetic analogue of a nucleotide, a 
synthetic analogue of a ribonucleotide, a modified nucleotide, a modified dbonudeotide, ' 
an amino acid, m amino acid analogue, a modified amino acld^ a modified amino acid 
analogue a steroid, a proteoglycan, a lipid, a fatter acid and a carbohydxatd. A stabilising 
30 molecule may be in soludon or in suspension (e.&; itt caystaQme-^icolicidal-or other 
particulate form). The stabilising molecule may be in the foixn of a monomer, dimer, 
oligomer^ etc;, or ofherwise m a complex. 

The stabilising molecule may be labelled by* a xadio-isotope as known in tbe art^ for 
example ^^P or ^^S or or a molecule such as a nucleic acid» polypeptide, or olhdt 
25 molecule as explained below conjugated with such a radio-isotope. The stabilising 
molecule may be opaque to radiation, such as X-ray tadiatioa The stabilising molecule 
may also comprise a targeting means by which it is directed to a particular cell» tissue, 
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organ or other compartixifint witliin the body of an aruizial. For exaxnple, the stabilising 
molecule jnay compnse a ladiolabelled wSboiy specific fox defined molecules, tissues or 
cells in an organism. 

It will be i^Teciated that it is not necessary for a single stabili$ing molecule to be 
5 used, and that it is possible to uUlise two or more slafaiU^ molecules for stabilisiog a 
polyp^tide. Accordingly^ the term ''stahili^ molecule'' also includes wbdmes, fusionfl, 
combinstions and conjugates^ of atoms, molecules ete as diselosed herein. For example^ an 
stabilising molecule may include but is not limited to: amicleic acid combined with a 
polypeptide; two or more polypeptides conjugated to each other; a pro^n coiqugoted to a 
ID biologically active molecule (which may be a small molecule such as a prodrug); or a 
combination of a biologically active molecule with an imaging agent. 

The term "stabilising molecule" may fijithcr refer to a molecule which has activity 
in a biological system, including but not limited to, a protein, polypeptide or peptide 
including, but not limited to, a structural protein, an enzymei, a cytokine (such as an 

15 interferon and/or an Interleyldtt) an antibiotic, a polyclonal or monoclonal antibody, or an 
effective part thereof, such as an Fv fragment, which antibody or part thereof may be 
natural, synthetic or humanised, a peptide hormone^ a receptor, a signalling molecule or 
other protein; a nucleic acid, as defined belovr, inclu^ng, but not limited to, m 
oligonucleotide or modified oligbnucteottde, an antisense oligoiuicleotide or modified 

20 antis^ise oligonucleotide, cDNA, genoouc ONA, an artificial or natoial chromosome (e,g. 
a yeast artificial eitfomosome) or a part theieoi^ RNA, tednding mRNA, tRKA, tRNA or 
a ribozyme, or a peptide nucleic acid 0IA); a virus or virus-like particles; a nucleotide or 
ribonucleotide or synthetic analogue thereof, which may be modified or unmodified; an 
amino acid or analogue thereof ^ch may be mo(Sfied or uomodifiiBd; a non-peptide 

25 (e.g., steroid) botmone; a protaoglyean; a lipid; or a carbohydrate. Small molecules, 
includii^ inorganic and organic chemicals, are also of use in die present invention. 



21/11/2001 15:14 +4402389719808 



PAGE 24/71 



21 

Binding Assays 

Binding of a stabilising molecule to a polypeptide may detected using various 
mAsns Icnowzi in the art^ including NMR $pecttoscopy. In a prefbrred etnbodinmt the 
NMR involves the use of heteionudfar >1MR spectioscopy. In an alternative embodimeni, 
5 did NMR spectrodcopy involves flnoi^^ 

stabilising molecule to a polypeptide Is detected using sui&ce plasmon resonance or 
Differentia] Scanning Calorixnetiy (DSC). 

All of these zne&ods will be &iniUar to tliose skilled in. lha art end wUl be 
described in detail, below. AUliottlih the description may relate to stabilising uiolecules for 
10 pS3su(^ as CDB3.tbd skilled person will be able to moi^fytlKeBe to detect^ 
binding betwieen a polyp^de and a stabiliskig molecule, ot a candidate stabilising 
molecule. 

Samples for NMR, spectroscopy can be prepared ming methods known to those 
skilled in the art For example, samples for NMR eTq^erimenis may contain i^ATlabdied 

IS polypeptide 9uch as p53 core domain at a concentration of 225|iiM and &e corresponding 
stabilising molecule such as a CDB peptide in a fmal concentratioii of 2-2.5 noiM in ISO 
mM KCl, 5 mM*dithiothieitol (DTT)> S% D2O in 25mM sodium phosphate buffer pH 7.2. 
'H H5QC spectra may be acquired as desciibed in (Wong et al, 1999). In case of the 
pS3 core domain DNA complex, suitable DNA fi>r U9e in the methods described here is 

20 As double stranded 12-^Qier consensus pS3-bmdmg sequence 5*-GIGAACATOTTCC. 

Suface plasmoin resonance measurements may be performed using a BIACORE 
2000 using melhcds fimiliar to those skilled in the arL For example, it may be equipped 
with a sensor chip SA (BIAcore AB, Uppsala, Sweden) bcF& to screen tibe polypeptide for 
bindixtg of stabilismg molecule and to quantify the binding of tiie stabilising molecule to 
25 &e polypeptide. For example, BIACORE may be used to s^^n peptides for p53 core 
; domain binding, and to quantify the binding of p53 core domain to peptide CDB3. 
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fiiotinylated stabilising molecules such as CDB peptides niay be immobilized and tbe 
binding of the polypeptide (in Ous casep53) 6aathei«jEbrebe studied. 

All imiiiobilisaiion as well as binding measurements maybe peifonned at 10 X 
-with SO mM HEP£S» pH 72, 5 mMDTT, as running bufBar, wing a sample frequency of 
5 1 Hz. Tbe sticpta^idxn sniiace of fiie chip can be activated mUx 50 M NsOH, 1 M NaCl. in 
Ifarae cycles of 1 min, 20 liL/min, before the immoluiiz^oa of p^des. The biotinylated 
peptides may be dissolved to a final cojusentiatian of 1 i AO jnM 0n bnSTer as above wifh 
addition of 0« 1 3 M MaCl) and can be immobilised at a flcvir rate of 5 ^L/min until the level 
of satumtion is nesLched. In (he above Example Flow cell 1 can be nsed as a bacl^und for 
IQ the change in buUc relSractive index. 

In a pazticttlar example rcl^g to p53 and CDB^ to screen for binding to 
immobilised peptides, various coocentrations of p53 core domain are analyzed (0^6-1 8 
}iM in buffer as above). The assocdation phase is studied for 15 min at 10 |tT 7iTtin. Bouod 
protein is dissociated by a tegcneration cycle of 1-3 min I M KaCl between each injection 
15 ofpSSeore domain. _ 

The bindhag affinity of pS3 core domaui for immobilised CDB3 is estimated firom 
die half saturation eonceatration of binding isotbemi wifti va:tying oonoentmfions of p53 
core domain (Q.Q19^,\9 liM). The Unding association is measured for S mm at 30 
}iL/mb, 20 °C, in the buffer desedbed above (no salt added). Tbe relative responses upon 
20 binding are are plotted vsrsus the logaiidnn of the p53 care domom concentmtions and 
Stbed lo a twonstate equation iisii^ the 

The binding afGnity of soluble, unlabeled CDB3 is studied at 20 °C in buffer as 
described above (no salt added) using competition experiments with, the BIAcore (Nieba 6t 
ah, 1996). 21 samples arc prepared, all containing 0.20 pM p53 core domain and various 
25 concentrati02is of CDB3 (0-030-120 nM). Binding data is collected in a random order of 
samples ajfter 1 h of incubation at 20 ^C. The association phase is measured for 5 min, 30 
\iUmm, followed by regeneration of tiie surface as described above. A control sample 
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containing piot^nonly is analysedas every 5tb sample during the e)q«rinienttinw as 
rtfcrenee. The initiid assoctalion late of bli^ 

flicflrstlSOBofdatausingtbeBIAevsluHdonU software ^iaooreAB, Uppsala. 
Sweden). Hwse dm (Figute 3o), v«ch deacribcB tte relative concentration of fee p53 
o«e doinain. aie analyzed according to a 1 : 1 binding model (Nieba rf, 1 996) using 
Kaldd^raph. Qc^ol experiment aie carried out to verify that the measured assodation 
raieofWndingisproportionaltoc«icentati(fflofi6^ 

(pioteiix only) andthat ih« efiEfect of incieased ionic strength (due to Wgh peptide 
concentration) does not sigdficsBifly dumge ihc assoc^ 

Huorescence Anisolropy may be used to nuasure and/or quantify binding. For 
example, esqwriments may be perfonned with fluorescein-labded CDB3 (FL^DB3, 
sequence Fl^BEDEDEIEW-NHs) at 10 "C using a Peridn-Elmar LS-50b Ixnninescence 
spectrolluorimeter equipped with a Hamilton mictolab M dispenser conlroUed by 
laboratory software, ft is not possible to make the titrations at physiological temperature, 
because of aggregation of the proteins. The peptide (-5 jiM, 900 |iL) is dissolved in 50 
mM Hepes buffer pH 7.2-\viuch contains 5 mM DTT. Fluomscence anisotcopy is 
iraeasured on excitation at 480 nm (bandwidth 8 nm) and emission at 525 mn (bandwidth 
2.5 om). The fiee peptide has an faminsic anisotropy value of /-0.04. which increased to a 
limiting value of 0.20 upon adding pS3 core domain. 

To determine the dissociation constant for CDB3 comptoced willi various p53 
wild^ and mutant constructs as well as under difEstent conditions, the following 
scheme is used: FI^DM (900 mJ.~5 pM) is placed in fte cuvett». Tbs expropriate p53 
construct (240 iil, -50 jiM) Is placed In the Hamilton mioolab M dispenser syringe. Tlie 
temperatiTO is inwntained at 10 "C. Additioas of 3 of ptotdn ai© til^ 
23 pepddesolutioflevery~lnrin.thesolutionl$stined&r30s«ndth^ 

The increase in amsotiopy and the decrease in the total fluorescence are taken as 
pnpoitioiial to flie fluoiescenoe contribution of the PL.CDB3-p33 coroplest. 
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Dissociatioii constants &r flte FI>CDB3-p53 coioplegc are Galoulated by fitting fhe 
aoisotr^^y and fluoiescenpe titration curves (^ofxected &r diluticm) to a simple 1 :1 
eqaifihiumixiodel; 
p53+FL-CDB3 ^ ccajaplex 

s a> 

A;p [p53]( EL-CDB3J /[ cwnplexj C^) 
. [complcx]=(Ip53MPl<»B3lo+Ai-((ii-^^^^^ 

(?\ 

^vhere []p53]q is the total protein ^ncentiation and [FLrCDB3]o is fhe total peptide 
10 concentration. 

The total fluorescence at a given titcaliQfi step can bd described by: 

/'tDtai=Fa>a3*E FL-CDB3]/! FLCDB3Jo+Fc^i«*[coniplex]/[ FL-CDBSJo (4) 
And tiie total anisotiopy at a $lven tiaie i&: 

^n)»rJcDB3* ^cdto'I FL^B3]/[ RUCDB3]o*FioW + J=iQmpi«i*[complex]/[ FL- 

J5 .CDB3]o*fBMBi 

V/here /^t»bj and JStotai ^e the total fluorescence and the total anisotropy^ 
respectively, and Foyau fcmp\ex» J^CDoa ^ i^comptex^ fluorescence and anisotiopy 
value? for each of the species. The data is fitted to the above equations using Marquardt 
20 algorithm and kboratoxy software. 

Anisotropy is measured in competition experiments to study (indirecdy) bow 
aOB3 variants or gadd45 30-raer DNA compete with the fiuorescein-labeled CDB3 for 
the binding site of pS3 core donaia The same experimental conditions described above 
ate used, except &r the slit widths (excitation 10 nm, emis^ 8 nm) and tbat the 
25 unlabeled sample is dissolved in a buffer that did not contain DTT. A stodk solution of 
unlabeled CDB3 Is tiix«4ed into a cuvette contsiniz^ 900 ]iL 2.0 (iM pS3 core domain and 
0.50 |iM FL-C0B3 m 80 steps of 3 |xL each. Coznp^^ peptide is added eveiy 90 s, the 
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solution is stiirtd fbr 30 8 wj4 momteaidg began aftoi 60 ». three difibrwrt stock 
coac«dr*don5 of unlabdedCDBS (026.13 fflid2.6inM) and <«ec^ 
WotinylatedCDBS (OJMnJ^ are ased. to «3«erfDl^sli»k solutions of 3 and 2SiiM 

Bievsed. 

befoie addition of competitor (m> ^ PJo, respectively) ar« calculated wing equation 
(3)widagivendis50dation constant of OJ3HM.lteconoent£ati^^ 
the n* addition of stock of wraipetitor po^S^ pin, is estimated by 

whew AJ!b is flw change in anisottopy ftom FL<)DB3 only Qowet limit value) to 
the mixture of FDCDB3 wdp53 coio domain while Afi„ is the total change in anisatropy 
on fl» n* addition. The conccDttation of complex betw«5CQ protein and unlaibeled CPB3, 
pU],, is detfiffliined ftoni Uw total concentiation of pS3 core domain: 

CPmB«[P]«tHi-[P]tov»-PF]i> 
(7) 

When IU]„«i (the concentration of fte unlabeled peptide) is in excess over 
(P Wlhe toml protein concentration), we calculated the Ka of the unlabsOed CDB3 «sing 
equation 

Differental Scaling Calorimetry may also be used to detect and/or quantifi^ 
30 binding-DifferentialScanningCaloiimetrymaybeperfonnedusm^ 

ihose skilled in the art In a suitable example. DSC experiments are per^^ 

Microcal VP-DSC mictocalorimeter (Microcal, Atfhetst. MA). Tompewtures from 5 to 95 
-C aie scanned aiarate of 60 deg/h, u8ingaHepc8*ufferpH7A 1 mMDTT, which also 
served for baseline measurements. Sainples of wiW-iype and mutant pS3 core domahx (6- 
1 5 MM) in the presence or absence of FL-CDB3 (1 5-80 ^M) in the above buffer are 
piepared and ften degassed fer IS min prior to each experimeitt. A pressure of 25 pa 
(1.56 atm) is applied to the caU. The dsia is analysed ushig Origin soft««^ 



13 



25 



21/11/2801 15:14 +4482388719808 



DVQUKfG 



PAGE 



26 

PsPTiDBS, FoLvmriroEs and Proteins 

The methods described h^ m suitable ibr staUlising the natiive bm of 
pol3ipeptides.Fi«fer8bly;thest^^^ ' 
document, the terms ^'peptide*'^ V^Iypeptidc" aod '"protmn" m qmonynious with weh 

5 OtfaCjC. 

The term ^peptide' in the cont^t of this documexit includes two or more ammo 
acids linked together by a peptide boni Typically, they have more than S, 10 or 20 anuiio 
acids and can be any length up to 600 amino acids. In a pefexred embodiment, the peptide 
has les9 than 200 amino acids, in apardcularly pre&rred emobodiment it has less than 100 
10 amino £Lcids, in a predated embodiment sdll it has less than 50 mino adds. In a stiU 
further preferred embodimeot it has less than 20 amino acids. In a most preferred 
embodiment it has less than 1 0 amino adds. A polypeptide or pratein includes single- 
chain polypeptide molecules as weQ as muldple-polypeptide complexes vhete individual 
constituent polypqrtides are Ibked by covalent or non*oovalent means. 

15 One skilled in the art wfll ^pxedate diat the particular ammo add composition of 

a stabilising molecule which is a peptide will depend on the prcrbrin to ivhich it is to be 
bound. Amino acids may be natuially occurring or synfiietic* Those skiUed in the ait ^11 
be awaxa of sidtable sources of amino acids. 

A polypeptide (induding a peptide stabilising molecule) may be generated using 
20 synthetic methods, which will be known to those skilled in the art. Alternatively, it may be 
generated from naturally occurring or synthetic proteins, and/or polypeptides, and/or 
peptides. Degradation of die proteins, polypeptides or peptides may be performed by 
enzymatic and/or cheirucal digestion, using methods familiar to those skilled in the art 
Those skilled will be aware of other suitable methods of degradation. 



25 The tenn 'peptide' in the context of this document^ also includes within its scope, 

derivatives and variants tixereof, as heiein described. 
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Examples of doivativBS indude peptides wMdi have ondcigone post-ttaiislatloiial 
xnodlficaticns such as the addition of pho^ioryl groups. It may also iiiclode the addition 
of one or moxo of Ibe Uganda seleowd ftom tl>e group codsisting ofi phosphata, amine, 
amide, sulphate, sulphide, biotiii, a fluorophow. and a dBomophore- One Mled in flie art 
wiUapp«clBte1h8tfldflll5tisnotinteiidedtobe<KhaM^ 
liB8aspDCt,astabiUsingin0tejule^iaapeptidei»4eri^^ 
especiaUy piefened embodiment, the flwsxophore is fluorescdn. 



of 



an 



The tenna "variant" or "derivative" in lelationliofte amino acid described here 
indudea any substitution of; variation of, modification of, repl^ 
addition of one (orinoie) amino acids fiwm or to the sequenee. 

Variants of the peptides described here bk likaly to comprise conservative amino 
add substitutiops. Conservative robstitations may be defini:d, for example according to 
the Table below. Amino adds in ths same blods in the second column and prefferably in 
dw seme line in the thiid colmnn may be substituted for eadi other. 







ALIPHATIC 


Non-polar 


gAP 




Polar -uncfaargcd 


CSTM * 




Polar- duEgnl 


OB 


KR 


AROMATIC 




BFWY 



Peptide Synthesiis 



Peptides xavy be 
typical procedure is detailed bdow; 



to those ^ddlledinttieaft A 
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Peptides may be synfliedzed using a 432A Synergy pqrtide syntbesizer (Applied 
Bio^ystems (ABI)). Protected amino add derivatives^ xeageots and solvaatsiaiay be 
purchased firom ABI, e^ept Sot Fn)oc-S^O(OBzl)OH)-OH, wMch can be purchased 
from NOVAUodhem.^ Standard Fmoc cbemlstiy can be en^Ioyed, iKiith ccn^Ung ageots 
5 HBTU/HOBt The peptides can be cleaved fit>m the tesin using a mixture of 

trifluoroacelic acid: Triisopropyjsflane: wter 90:5:5, ptecipitaCed in cold elhyl etiier, 
washed 3 thnes vA± cold ethyl ether, dissolved in water or in a mixture of 
iivater.acetonitxiIe 1:1 andlyophilized. 

The peptides can be purified using reverse-phase HPLC (Waters 600 equipped 
10 with a 996 PDA detector), The coluuui may be a preparative reverse phase C8 colunsn 
(Vydac) and the gradient is 100%A to 100%B in 35 mhi (A « O.lVoTFA in water, B = 
95% aoetOEUtiile, 5% water^ 0.1%TFA}. The purified peptides are characterized by 
MALDI-TOFMS and hadihe expected Mw- 

For biotinylated peptides^ the biotin niay be coupled to the N-terndnus duough its 
15 cadTOxyHc acid group diiring the soUd-|Aasesyii&^^ 

applied fox the biotin coupling as for the coupling oif the j^tected annuo acids^ except that 
it is repeated twice in some cases, Ftotdns and peptides ]»ay also be puxehased 
conunerciall]^ for example, fluorescelDrlabeled CDB3 is purchased fiom Dr Graham 
Bloomberg (Univerrity of Bristol, UK). 

20 Methods of pFotein and polypeptide synthesis axe Icnowxi in the art and are 

described in for example, Maniatis et al. For c?uunple, proteins such as human p53 core 
domain wQd-type and mutants (residue? 94-312) and human tetrameric p53 (residues 94- 
360) may be cloned, expressed and purified using methods familiar to those skilled in the 
ait, in particular those described previously (Bullock et al., 1 997). '^N-labelled human p53 

25 core dainaia may be produced as described previously (Wong et al., 1999). 
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US£S OF StaJ^ILISING MOLECULES 

We fiirfher describe a composition comprising at least one or more staWlisiag 
* ' molecules and a phannacmittcaUyaccqpt^^ 

Stabflising molecules, wlSdi aie ptefirE^dy p^tides, and compositions described 
5 here may be employed for in wvo fliCTapeudc mi prophylactic $pplicatians, tn W/ro and in 
vivo diagnofitic q^lications, in vitro assay and rBageot applications^ and Ibe like. 

Therapeutic and prophylactic uses of the sUbilisii« molecules mi con^ositions 
described here involve the administtation of the above to a recipient mammal, such as a 
human* 

ID The teem "prevention" involves administardon of the pioteoftive composition prior 

tn tfift i'nf!n9^or^ of the disease. *^iq^pressian" refers 1o administration of the composition 
after an inductive event, but prior to the clinical appearance of the disease. Treatmenf 
involves adooiiusttatioa of the protective compodtion after disease symptoms become 
manifest, 

1 5 Ammal model systems which can be used to screen Ifea eflfectivcness of the 

selected stabilising mokcules Or peptides or compositions in protecttng against or tr^riSng 
the disease are available and will be familiar to those in the art 

Generally, the stabilising molecules, peptides or conqaositions will be ulilised in 
purified form together with phannacologically appropriate carriers. Typically, these 

20 carriers include aqueous or alcoholic/aqueous solutions, emulsions or suspensions, any 
including salme and/or buffered media, Parenteial vahiclca include sodium chloride 
solution. Ringer's dextrose, dextrose and sodium chloride and lajrtated Ringer's. Suitable 
physiologically-acceptable adjuvants, if necessary to keep a polypeptide complex in 
suspension, may be chosen fiomthickwxetrs such as carboxymetfaylcellalose, 

2S poIyvinylpyrrolidonQ, geladn and algijoates. 
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Iniravenous vehicles include fluid and mitnestreplenishers and electrolyte 
xeplenisbers, such as Ihose based on Ringet's dexfiose. Preservatives and other additives, 
such as cintimicrobialSj antioKldants, chelating agents and inert gases, may also be present 
(Mack (1982) R^mngton's Phamaceutictd Sciences^ I$tt Editicm). 

5 The selected stabilising moleciiles dcscidbed hm nay be used as separately 

administered compositions or in conjunction witfa other egente. These can include various 
immunotherapeutic drugg, such as cylcosporlne, methotrexate, adxisnaycin or cisplatmum, 
and immunotoxiDs, Phannaceutical compositions can inchide "cocktails^* of vanous 
agents. 

10 The mute of adwiuiatration of phanpaceutical compositions may be any of those 

commonly known to those of ordinary skill in the art. For therapy. Including without 
liinitation immunotherapy, the selected stabilising molecules or compositions can be 
administered to any patient in accordance with standard techniques. The administration 
can be by any appropriate mode, including paienterally, intfavenously, Jntramuscularly, 

15 intraperitoneally, tiansdennally, via the puhnonaxy route, or also, appropriately, by direct 
hifiision with a catheter. The dosage and frequency of administratian will depend on lihe 
ag^ sex and ^ndxtioa of the padenti concmroit administration of other drugs, 
countesdndications and other paraneters to be taken into account by the clinician. 

The selected stabilising molecules^ peptides or compositions can be lyophilised &r 
20 storage end recozistituted in a suitable carder prior to use. Knov^ 

reconstitutfoxk techniques can be employed. It vdU be appiedated by those skilled in the ail 
that lyophilisatiDn and reconstitution can lead to varying degrees of functional activity loss 
and that use levels m&y have to be adjusted upward to compensate. 

The compositions containing the stabiUsmg molecules or a cocktail thereof can be 
25 administered for prophylactic and/or therapeutic treatments. In certain thenqpeutic 

applications, an adequate amount to ^omplish at least partial inhibition, suppressions 
modulation, killing, or some other measurable parameter, of a population of selected cells 
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is defined as a "thexapeutically-effectiw dose". Amomrts needed to achieve this dosage 
wiU depend iron the severity of fee disease and the general state of ttie pjtttentfs own 
immune Bystwn, but generally range ftom 0.005 to 5,0 mg of selected peptide or other 
stBbiliding molecule per kUogram of body weight, with doses of 0.0S to 2.0 mg/kg/dose 
beiiig more oommonly used. For proplgrlactic applicaflons, compowtions contsining the 
present selected stabilising molecules or ooctoils Aereof may also be admidslered in 
rizmlar or sl^hdy lower dosages. 

Stabilising molecules and/or compositions can be nsed in tbe treatment of any 
disease where eitor s in protein conformation, folding and aggregation contribute to flie 
disease. Exanxples include cancer, cystic fibroais and nenro-deganeration. In a particularly 
preferze d embodiment^ «he disease is cancer. One sidlled in tbe att will appredaia that tbns 
list is not inteiided to be exhaxsstive. 

SXABItTSATlON OF P53 

In a highly preferred embodiment, we provide a stabilisiiig molecule capable of 
stabilisii^ the native state of apS3 polypeptide. 

This preferred stabilising molecule is a polypeptide, and comprises a 9 amino-acid 
residue peptide, having the sequence REDEDEIBW-NH2. ™a peptide is referred to aa 
CDB3. We also provide a fluorescein-labeled derivative of CDB3 {FL-CDB3) which can 
bind and stabilise p53 core domain. 

C3DB3 is derived from the p53 binding polypeptide 53BP2 and consists of reaidnes 
490-498 of that protei^i. Resides 490-498 constitute one of the p53 binding loops in d>e 
protein. The moat sinking propi^rties of FL-CDB3 arc its abilities to: (1) BtablUac pS3 core 
domain, as shown by raising its appar«it rndting temperature, and (2) hiduce refolding of 
revarsibly denatured p53 core domain. Thus, a small peptide can stabilise p53 core domain 
simply by binding its native state but not the denatured state and shifting flia equilibrium 
towards the native fbtm. 
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PoLYPjcrnDE Target Site 

It may be ncoes^axy to idw&fy the binding site for a stabSislag roolecale ivithin the 
polypeptide to be stabilised TUs may be doae 

Stnicruralcfaaracterisodottof the CDB3 buuUng $xte widiinthe pS3 core domain is 
S a key point, since this site might s^e as a spedfic target for cote domain staUIising 
molecules. The CDB3 bindhig site, as mapped by NMR chemical shift analysis, is situated 
at the edge of the DNA-biwiing site and consists of three structural dements (loop 1, helix 
2 and the edge of strand 8) wWch are remote sequentially but close spatially. The 
advantage of this site as a general target for p53-stabilishig molecules is its location in 
10 proximity to the DMA binding site, enabling a local stabilising cflFcct in that site. Indeed, 
chemical shift data shows the difference between the efiEects of DNA binding and CDB3 
bindhig. CDB3 binding generates a strong localized effect on the DNA-bindmg site wtfain 
pS3 core donudn, while &e chemical shift pattern upon DNA bhxding is significonay 
different, with shifts that are not as localized but are rather spread Aroughout the whole 
IS protein structure. 

An mtriguing observation is that CDB3 does not bind pS3 core domaiu in ifae same 
locadon as die parent loop in the 53BP2 protein (Oorina and Pavletich, 1 996). The oiiginal 
53BP2 loop binds the core domain between helbc 2 and loop 3, with Tip498 of S3BP2 
makmg coniaots mainly with Ioop3 of p53, end the carbojqlic add sdde ch^ of S3BP2 

20 making contacts with p53 Arg273 (a DNA-binding residue located in strand 10. close to 
helix 2) (Gorina and Pavletich, 1 996). The CDB3 binding site might also be an additional 
binding site for 53BP2, and the two alternative binding sites might have a regulatory role, 
The observation that CDB3 and the original 53BP2 loop bhad p53 at different sites might 
also be explained by the partly electrostatic nature of the interactioa Owing to its high 

25 negative charge, CDB3 as a j5?ee peptide might act partly as a negatively chared "DNA- 
mimio", wtich binds the positively charged surfece of the DNA-bindmg site. 
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RESCUE OF PS3 COttE DOBiKAiN MUTANTS 

CDB3 is found to bidd two p53 core domain hot-spot mutants: G24SS, ^ch ia • 
weakly destabilijfcd (BuDock et al, 2000), ^fi R249S, which is disrtotted in the DNA 
binding region (BnUock end.. 2000; Woog etal.. 1999). FL-CDB3 affinity to the 0245S 
3 mutant, vAich Is folded almost w the wld-type (BuHock et 2000), is the wme as for. 
<he wttd type. BindBng to R249S mutant, which is ^ 

still in ihe low mioromolar range). In addition CDB3 binds to a particular pS3 core mutant 
(1951) winch is highly destabilised. The mutation in this mutant is not in one of the 
typical oncogenic hot-«pot$. 

10 The observation that CDB3 binds mutants raises the possibility that such 

compounds can be used to rescue such mutatxls by stabilising them. Since their general 
mechanism of action is simply binding tbe native state arid Bhiftiag the equHibrium, 
CDB3-Iike compounds could be used for the rescue of weakly destabilised (B.g. G24SS) 
and globally unfolded (e.g. VI 43 A) mutants that are unable to bind DNA (see below), Tbe 

15 application of CDP3 for the rescue ofbcdly distorted mutants^ such as B249S, depends 
on the specific binding mode of the peptide as well on the specific distortion caused by the 
mutation. In general, locally distorted mutants require more specific molecules, wbich 
alter the confonnation near the distorted site. We demonstrate that it is possible for R249S: 
FI/-CDB3 stabilises it since it bmds in proximity to the distortion site (near loops 2 and 3 

20 in the DNA binding site and see Wong et aL, 1999). VlrCDBl, which binds the DNA 
bindii^ site at Its edge, might contribute to a local confonnational ohauge at this site of 
distortion. 

The mode of actioti of CDB3 is diflferent from that of the previously reported p53 
C-teiminal peptides. CDB3 stabilisea p33 by bindrag its native but not Its denatured state, 
25 while the C-terminal peptides specifically regulate tbe activity and flie DNA bimiing of 
p53 cow domain (Abarzuac/<J/., 1996; Hupp etal., 1993; Selivanova*/ al., 1997; 
Selivanova et al^ 1999). CDB3, and especiaUy its labeled derivative FL-CDB3, are Lwd 
compounds, and they can be used as a basis for the fiimre design of peptides antf smaU 
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molecules 4at have a laiger Stabilising efE^ 

cannot be used to xescueDNA contact niiitente. Otha strategies, which involve 
inbododion of residues or small tnolecules that coiiltibute the nusshig intBrtctions^ should 
be used fixr ie$euB of these mutants. 

5 EXAMPLKa 

The invention is ftirfher described, for the puiposea of iUustiation only, in the 
following examples which are in no way Umiting of the invention. 

These examples i«late to the isolation and idendficaiton of a stabilising mdecule 
CDB3, which is capable of bljftdiiig the tumour suppressor protein p53 near its DNA 
10 binding site, and stabiliBing the native form of the protein. 

The inherent drawback of using a natural binding site for a drug is flwt it CWnpetes 
with the natural llgand. Thus, it laigM be thought that fl» competition between DNA and 
CDB3 peptide would preclude it ftom bdag of use M a lead oomponad. But thia need not 
be so. Since the binding of DNA hsclf stabilises pS3 coie domain, and ft binds veiy 
15 ti^y, stabilisation by a peptide sudi as CDB3 Is needed only fbfnmtaato where DNA 

bincBng is iinpaued because mutant pS3 is in denatured conformation. Once ibe protehx 
has bound DNA, Hts pepdde is not needed any taote. 

The a\aSty of CDB3 to induce refolding of p53 cctte domain, together vridi Ihe 
observation that DNA can displace it fiom pS3, led us to propose the a "chaperone" 
mechamsm fw rescuing a denatured oncogenic protein (Kgoie 7c): CDB3 binds only the 
native state of the oncogenic protein whii±i is able to bind DNA, piobably imin 

biosynthesis, and therefor* shifts the equiUbrium towards fte native state. Then DNA can 
buid the protdn. displadng the peptide, which is fiwe again to bind another protein 
molecule. Further, the peptide binds equally wdl to a monomer of pS3 end the teteamer. 
but DNA binds &r more tightly to the tetramer because of ooopeiadvily (unpublished), 
fbas allowng DNA to displace the drug more ea^y. 



20 
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Exaatple 1. Desi^ of Potenttal PS3 Core Domain Binding Peptides 

Peptides that bind the o^ve state of p53 core dom^A can be derived fioni pS3 
binding pFotems, A raie ^Ttample of a contplex of aprotein bound to p53 that has been 
solved at high resolution is the pS3 core domain-53BF2 coniplex (Goruia and Pavjeticb, 

5 1996). 53BF2 Is a p53 binding protein (Iwabudii et al, J 994) that enhances p53-inediated 
transactivatton, impedes cell cycle progression and induces $poptosis (Iwabuchi er a/., 
1 998; Lopez et al^ 2000), 53BP2 binds p53 core domain in its DNA binding site, with 
three of its loops making die contacts widi p53 (Gorina md Favletich, 1996)^igure 1). 
Three peptides corresponding to these three loops are synthesized and tested (Core 

10 Domain Binding (CDB)l-3, see Table 1). 

A second potential source for core domain binding pq7tide$ are sequences within 
p53 itself that bhad the core domain and regulate its activity. Two such regions within p53 
are the C-teitninal domain (amino acids 363-393) (Baylc Btal.^ 1995) and the proline-rich 
domain (amino acids 54-94) (Mullcr-Heroann et al., 1998). Several overlapping pq)tides 

15 corresponding to. both regions.are ^theaizjE^ CCDB4,J7J0 in Table 1). Since Ser378 
within die Oterminal domain is known to undergo phosphorylation (Takenaka etdl., 
1 995X phosphopeptides derived fi:om this region are qmthesxzed as well (CDB5, 6 in 
Table 1). Hie C-teiminal and the proline-rich domains can bind the core domain only in 
presence of each otiioT (Kim et al., 1999)» and tiius a Aision peptide between tfiese 

20 domains is also designed (CDBl 1 in Table 1). 

Scieenmg of the CDB peptides for binding p53 core domain 

Ltutial screesung for binding of the peptides to p53 core domain arc made using 
heteronuclear KMR spectroscopy to momtor any changes m Hxt bacld>one and 
resonances of labelled p53 cote domain (Wong et ah^ 1999). Chemical shift changes 
25 are observed only with CDB2 and CDB3, implicating binding of only these peptides to 
pS3 core domain (Figure 2), 
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To estimate the peptides* zsERxiitf for p53 cote domain, sur&ce plasmon resonance 
can be used. Peptides CDBl, 2, 3, 9 and U are re-^ftiesized wifli aUatin label attached 
to their N'temiiniis. the liiotinylatcd peptides ara inimobilized onto a streptavidin (SA) 
sensor cbip^ pS3 core domain (7^ pM) is injected, and Ae l^iding is monitored using a 
5 BIAoore instrument The relative response for the dififeient peptides^ corrected for the 
control flow channel (SA chip with no peptide immobilized), is shown in Figure 3a. p53 
core domain had the tightest binding to CDB3 , in good agrewent with the NMR data 

showed that pS3 core domain bound CDBi better tfaan CDB2. There is no. 
significant binding to CDBl or CDB9. 

IQ Example 2. Characterization of C0B3-PS3 Core Domain Binding 

SurEu:e plasmon resonance can be used to measure the C]0B3-p53 core domain 
binding constant quantitativeiy. Bloiinyiated CDB3 is immobilized on a S A sensor chip, 
and pS3 core domain (0.02-2^^0 is injeded (Figure 3b), The cancentration of pS3 core 
domain for 30% binding is estimated to be 200 nM. 

1^ Chenncal sldft diffensnces between the spectra of the bound and unbound p53 core 

domain, are used to identify the site in p33 cote domain wheie CDB3 bound. Changes of 
1>ackbone 'H- 'V resonances for each residue between the bound and the unbound $taliea 
are shown in Figure 48. (^hendcai shift 

strand 8 (colour coded blue and purple in Figure 4b), which are located at one edge of the 
20 DNA binding ^te. Chemical shift changes in presence of CDB3 are also observed for two 
residues in helix 1, but these do not define a binding sh:e but are probably due to a wealc 
non-specific interaction. It appears that CDB3, as a free peptide (colour coded red in 
Figure 4b), bound p53 core domain in a different location from that of the original loop 
within 53BP2 (Qorina and Pavletich, 1996). It binds loopl, strand 8 and helix2 that ate at 
23 the edge of the DNA binding site, rather than its originai place in the xniddle of the DNA- 
binding site that consist^ of ]oop3 and the other side of helix2. 
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Fluorescence anisotropy titrertioiis maybe used to detennine the ^ssodalvm 
constant for tbe p53 core dqmaiiirCDB3 intefaction at 10 'C, p53 cote doa»b la titrated 
into fluoiceseein-labeled CDB3 fflrCDBJ) and cbanges in aaisotropy of the labeled 
peptide (Figure 5a) as v*dl as 4e totri fluortsoence al 525 ia» are ma^^ 

5 anisomwvaliiefot!»]iibaladpeptidfliaO.(M,aiidtoBmiti^ 

"^3 iori domain complex ia 0^. Hw biiidmgcurveis-fillBdtoa 1:1 ainipteequiBbriudi 
model, and the is found to be 0.53 * 0.09 nM (Table 2). In onter to confiim that CDB3 
binds tetmnericp53, and not iwly isolated core domain (re*idM^ 94-312Xiifcrliie 
Wilding to the tetratneric p53 conatruct (p53 94.3«0) is detennined in die same way and is 

10 found to be 0.77 ± 0.09|iM. 

Example 3. Binding of Flnoreacein-Labeled Peptides 

To diCtemiiae «4iether attaching diffeient labels (fluorescein aod biotin) to CDB3 
N-tenninw altws ifd. the dissodadon constants for (he \mlabeled peptide in conqwtition 
Mqiefiments by two inde^eddent methods can be measured: competition BIAcore (Figure 

is 3o); and anisotiopy (Figure 5b). Ibe unlabaled-pcptide had a Aa of 37 |aM (Table 3). 

Biotinylation of die N-tenninus ralproved the afSnity (compared to tiie unlabeled peptide) 
three-fold for solution measuremems (,K^l2 nM, see Figure 5b and Table 3) and even 
more for the immobilised sample - BIAcore assays (Xrf=0.2 pM, see Figure 3b). Perhaps 
the TOSubatituted peptide is bound more weakly because of the electorstatic xepulaon 

20 between the positive t*arge on its N-terramal -amino gtonp and tiie positively charged 
protein suifecc Alternatively, fluorescein hself could improve the afSnity. 

rL.CDB3 atab )1jf> ^ p53 cor e dmaflin and raises its appargnt Tm 

Differential f K^ nnfriff caloiimetiy (DSC) is used to detect stabilisation of p53 core 
domain by FL-a3B3. The thermal deaaturatlon of p53 core domain is iireversiblc, and 
25 tirasonlyanBpparentmdtingtBn3perature(r„0canbedetermhied(BuUockc*a/., 1997), 
but increase in stability can be correlated with increase in die apparent Tm- All DSC 
measurements are carried out in Hepes buffer pH 7.2, 1 mM DTT. Under these conditions 
diB apparent rm of wUd-type p53 core domain is 40.1 "C. r„ kcreased by 1 J degrees in 
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presence of flie peptide FL.C!DB3 (Figure 6a), showing a st^sing etfect of the peptide. 
Tto .««>a»Bt r» of the muttot R249 S is 34.9 -"C. wW^ 
the pejrtida Tlie agnaJ for die R249Sinut8nti$ weaker doe to increase 

ptoim. The wilabel|sdCDB3 at the tms concentrfltions did not induce e shift in (not 
shovm). 

Ei^mple 4. F1L-CDB3 Biods the Nalive, and Not the Denatured, State of P53 Core 
BomaSn 

PL-CDB3, as a peptide that stabilises p53 core domain^ binds fee native, but not 
the denatured state. It shoold bind 'Nrild-type-Iike" folded and st^teniu^ 
similar affinity to that of the wild type, but bind partly unfolded and distorted miitanis «ifli 
H lower affinily. The binding of FI.CDB3 to two p53 cow domain amtants is measured: to 
G245S. wWch is 95% folded at 37 *C and is destaldllsed by 1-21 kcalAnol at 10 "Ci and to 
R249S which is 85% folded at 37 "C, is distorted and is drttibilised by 1.92 kcaWBol at 10 
*>C (Bidlocke*a/,1997;BullockKrtf/.. 2000). AtlO"X: both nratantSMe^^ 

a native-lilce confoiroatimL Jd values at this temqmrture, fio«ttfla>reBcence aniartwpy, 
(see Figure 5a) arB.0^7A0,09^.for.G245Sand33iflJ|iM for R249S,M 

Y^yAiriQ of die iDoce destabilised mutant 

To coBfiimtbat FWa)B3 binds the native and not the dsnatwed state of p53 core 
doBiah^ we repeated the nuflreacen«« anisotropy titradOM i» pt^^ 
20 ooncenlntionsCFiguie6b),p53coredoinainisincubatedoveinig^ 

concentialions,Bndistiti3tedhitoFL-CDB3^chisdis5olvedinfhe^^ 
concentration. A plot of log JC vs. urea concentration (Figure 6c) showed that iha bmding 
weakened whh mcieajdng uiea concentrati 

unfolded. Quantitative analysis indicated that urea alw weakened the binding of the 
25 peptide to the native p53ooiedoinahi (not shown). 



IS 
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Example 5. FLrCDB3 Induces Refolding of FS3 Core Domain 

The atHyUtyofCDB3 to refold a partly denat^ • 
using fluorescciiw dnlaotropy, pS3 coie doidi^ain is incubated ovennght al 10 ^ C in 3 M 
utea, under which conditions ft is psedominantly denatured. Then it is mixed withFL- 

5 Ol)B3 in3 Mi]7ea,andtfaficha]»g63inani9otfoj^ 

The initial anisotropy value fer the labeled peptide is 0.04. Upon mixing the peptide wlfh 
p53 core domun a rapid binding ev«tf talces placfi, leading to the formation of a FL- 
CDB3-p53 core domain complex. The anisotropy values for the complex following 
preincubation overnight with 3 M urea O.Oe-O.OT, Etf below the limiting anisotropy 

lO value for the bound complex at these FL^DB3 and p53 core domain concentrations (no 
urea), which is 0.17 (esdmated from Figure 5a), becacuse under these conditions most of 
the protein is denatured and did not bind the peptide. There is an icwarease in the anisotropy 
over time, as the peptide induced protein refolding by mass action (Figure 6d). On nxixing 
p53 core domam and CDB3 (5 ^M each) with 3 M urea without preincubation ovemigfit, 

15 unfolding took place reaching the same endpoint. Overall, CDB3 induced refolding of p53 
core domain and in its presence tbe equilibrium shifted towards the native state. Urea 
weakened the binding tcTtEe native structure so that the stabilismg effiscts in 3 M urea are 
not as pronounced as they would be in water alone. 

Example 6. DNA Competes with FL-CDB3 for F53 Core Domain Bindixig 

20 From the NMR data (Figure 4) it seems that CDB3 bmds pS 3 core domain at the 

edge of the DNA bindvug site, suggestix^ ai least a partial overlap betwe^ ibs two 
bintUng sites. We liave measured the competition between the binding of FL-CDB3 and 
gadd45 DNA to p53 core domam uidng ISIuorescaice anisotropy. DNA (5-25^M) 
displaced the peptide coropletely &om the binding site, indicating overlap between the 
. 25 DNA and peptide binding sites (Figure 7a). When p53 core domain is titrated into a 

mixture of CDB3 and DNA, only bindmg to DNA but not binding to the pqptide could be 
cietennined (not shown). 
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To get more structural iflfonnation leearding CDB3 v«5us DN A binding, we used 
heteronuclearNMRspectroscopy.AiiHSQC spectrum of p53oOrtdoxnri^ 
12-TnBr<»iBensusDNAsequen(«Uteacefl,andtheDNA8iteisrnappediJ^ 
shift analysis, exactly as done for the CDB3 binding site. Chaaloal ms in piesencc of 

3 IheDNA are distributed throughout the wholeprotMn.aadcanbcfoimdlntheDNA 
binding site as well as in the beta-sandwich. Signjficant shifts can be observed, fer 
example, for residues in loop LI (Sl2l). strand SIO (R273. R274). L3 (M237. S241), L2 
(C176), 54 (A159). S6 and S7 (R202, V216. V220). the Mngebetween S9 and SIO (L257. 
D239), and hdix H2. Overall, there is a significant difFeience inthfi chanlcal shift pattern 

10 upon binding and DNA. Thb CDB3 site is well focalized to flie H2-LI-S8 region, 
especially in LJ> while the DNAWnding atSeOs ihe«nfi»nnation of diflferart regions 
throughout the pFotdnibindiDg. 

Example 7 CDB3 restored siqueaee^pedflc DNA binding to the higUy dastabiliwd 
p53mutontn9ST 

,5 Wete3tedwhetberCa5B3 can xestotesequence-specifc DNA btadfag activity to p53 coie 
domain mutants by observing il» efifett<atte pH!andwichn»tantIl95T.^di fa 
destabilized by 4,1 kcOfwol (Bullock et aL. 2000) and has poor binding affinity. 11951 
(lO^M) wasi^ubatedfor 1 tat 1 OX in presence of CDB3 (lOOpM) (or its absence) and 
titrated into n«oresceii»4abelkd Oadd^ DNA in presence of die same peptide 
20 conoentr3iion.lnthcabBenceofpeptide,n9STbou«dGadd45DN^ 

7b). AflerincubationwifliCDB3.ihebindinginiprovedsi5t&ld.and&wM I |iM, which 
is dose 1» die value of 0.8 vM for wild type. As expected, CDB3 did not affect DNA 
binding of the coniplctely naiiw wild-type p53 cos domain (not drown). 

To confirm that the restoration of DNA binding is sequance-spedfic, we repeated 
25 the «g.«iments vAAi the random double stranded DNA sequence fluorescein- 
■ AATATGCrmOAATAAAGAOTAAACiAnTG, Bindir« of I195T to fiiis sequ^ce 
was very w«ak, and was not improved. butraftainWbited, by thepq>ti^ • 

AUpublicatione mentioned in die above specification are herein incorporated by 
reference. Various modifications and variations of the described methods and system of 
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tbSf present invention will be a^iairat to diose Aillcfd in the art wiflwut departing fiom fee 
scope pnd spirit of tiifii present invention. AMhougli tte pesent inventioa has been 
diGScnbed in connection wifli specific prefiaxcd embodiments, it should be understood Hiat 
the invention as clahiicd should not be tinduly limited to such specific embodimeiits. 
S Indeed, various modifications of flie described modies fox carrying out the invention which 

aia obvious to those Bkilled in biochemistry and molecular biology or related fields are 

intended to be within the $eope of the following claims. 
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Tabte 1; The peptides tested for biDdias p5J core dodoain 



Pepndgs tkrrvedjrm S3BP2 

CDBl 53BP2 422-428 MTYSDMQ-NHa 

5 CDB2 53BP2 469477 VB?QNDDEL-Nlii 

CDB3 490498 REDBDBiEW-NHa 

Peptides derived from p53 

CDB4 pS3 81-100 TPAAPAPAfSWPLSSSVPSCHntB 

CDB5 phDspto-SerSTS- IJCSKKOQSl^SlUlKKl^NHa 

10 p53 369-383 

CDB$ phosph>Ser378- GSRAHSSHLKSKKOQSTpSK- 

p53 301483 *HKKL*NH2 
CDB7 p53 369-383 UCSKKOQSTSRHKiCL'NHa 

CDB8 p533tiM83 OSHAHSSHUCSKKGQSTSRr 

15 -HKKL-NH(a 

CDB9 p53 81-94 TPAAPAPAPSWPLS-NH3 

CDBIO p53 76^ AFAAmAAPAPAlf'SWFLS.Tffla 

CDBl 1 teion p53 82-94 PAAFAFAPSWPLSOOLKSKKO- 

and 369-383 vm ^ST$KHKKL-W} 

20 a 00 linker 
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Tabb %j JObsodation constants (jflCd) for binding orFL<3)B3 to wRd^ilypc <WT) and mntaat p53' 



Protein 



conditions 



5 WT core (94-312) 
WTco« + tet (94-363) 
V^TTcow 4 M urea"* 

WToore 2 Nf 0dm CI 



O.S3±0.09 

6I-±10 

>1000 



10 



02455(94-312) 
02455(94-312) 
02455(94-312) 
lt249S (94^12) 



4Mui«a 
2MGdmC) 



39;fe4 
>1D0Q 
3.3^:0 J 



15 ^JCi vaLues are deteim^ed from th& anisotcopy and fluorescence sEt 525 Qm follDwins titration of p53 huo 
tluQiesccin labeiIedCDB3. 
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Table 3: DiuocifitloD constants for COBS vamots binding to ]>53 domain 



Ligand 






0,53 0.09 


Unlabeled CDB3' 


37±4 


BiotiiiylaledCDB3' 


12^1 


][i9fflob11ized biadnylated CDB3' 




Fluoresce 


>1000 


Unlabeled CDB3^ 20"^ 





^ Detennliied by flcor^scsnce anisotropy (see Table 1) 

^ Dotennruned by anbotrppy ttqieriment, m oootpetstiOA wltb Hoorescela labeled CDB3. 
IS ^ Biodlttg to bnmdbilJzed peptide «9 deceimlnBd fioai bnlf ftautadon conceotratioQ fay BIAcors 
^ DetennLoted by cozxxpetition BIAcore at 20°C 
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Claims 

I. Amethodof!?tebilisingthena1ivestat8ofapolypeptide,thsm^ 
ocposbg the palypepHde to a stabilising molecule capable of binding to the polypeptide at 

Bi 



15 



I Site which ai.laast partiany overl^s a fimctioiBl site inils native stotB. 



5 2. AmethodaccordingtoClaimUinwhichthfipolweptiaeisieveraibly^ 
such that it exists in anative state anda denatured state, in which &a stabUiang molecule 
does not bind to tiie polypeptide in its denatured state. 

3. A method of increasing the concentration of a native State of a reversibly denatored 
polypeptide in a system, in which the system comprises the polypeptide in a fiist native 
10 slate and a second denatured state, As method comprising: 

(a) piovidinga stabilising inoleculewhicaibinds to the polypeptide atasite 

at least partially oiwtlaps with afunctional site in the firat native state and ihetfi*y 
sfabairing the first native state of fte polypeptide and 

(b) aUovviogfho stabilising molecule to bind to Has polypeptide. 

4. A method of restoring a wUdtype phenotype of an organism comprisiag a 
mutation in a polypeptide, in wMchthemutatioaleads to denatoralionof the polypeptidfi 
and a mutant phenotype, the method comprisfaig exposing the oiganism or part of the 
organism toastabiUsing molecule which binds to the polypqrtide in its nati^^ 

site which at least partially overlaps ft fiwctionfll site and thereby stabilises tbs native state 
20 of tlTS polypeptide 

5. A method of treatment of a disease in a patient, in which the disease is caused by 
or associated with a mutation m a polypeptide whibh leads to denatuiation of flie • 
polypeptide, the method comprising adauoistering to tbe patient a stabilising molecule 
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which binds to the polypepftide al a site ^db, &i least partially overl^s a Atacdcnal site in 
its native state and thereby stabilises the native state of pQlypeptide. 

6. A method according ta any preceding elaijcn, in vdnch the stabilising molecule is 
not a natural binding panner cf the polypeptide. 

5. 7. A joelhod according ta any preceding claim, in which the stabilising molecule 
consists of a fragment of a isatural bmding partner of the polypeptide. 

S. A method according to any preceding claim, in which the stabilisiog molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a binding 
loop^ of ^ natural binduxg patmer of ilie polypeptide. 



10 9. A method according to any preceding claim^ in ^ch the stabilisi^ 

exposed to polypep^de or the system in presence of a natuial binding partnex of ifae 
polypeptide.' 

10. A method accordit^ to any preceding daim, m which ^afBnity of binding 
betweea stabilising molecule and the polypeptide or site is less than titie affinity of a 

15 natural binding partner of the polypeptide and the polypeptide or the binding site. 

11. A method according to any preceding daim, in which bindh^betweoiihe 
stabilismg molecule and tibe binding site $^ilises iib& polypeptide to enable binding 
between the polypqrtide and a natuTfd binding partner. 

12. A method accortUng to any preceding claim, in which binding between the 

20 polypeptide and the natuid bmding parmer stabilises tiie naiive state of the polypeptide. 

13. A method of assisting the binding between a polypeptide and a natural bhiding 
partner for the polypeptide, the method comprising stabilising a native state of the 
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polypeptide by a method accoiding to any preceding daim, and otpoaingihe stabilised 
pol}^eptide to the natural binding psHnsr. 

14. A method of aaslstingthe binding betweenapolypeptideBidafi^ 
which the polypeptide exists in a native state and a densfatfed stole, {he mefliod 

5 compnsmg: 

(a) providing a second stabiliaiug molecule capable of bindingto a site which at 
least partially <n^erl^s a fimctiMial site in the native state of Ihe pdji^ 

(b) aUowing the second stabilising molecsle to bind to the polypeptide to fonn a 
complex and theteby stabiliaag the native state of the polypeptide; 

10 (c)expoang the poln»qrtide and boiMd second staWUsmgn»lecu^ 

first molecule; and 

(d) allowing the first molecule to bind to tiw polypeptide and thereby displacing 
the second stabilising molecule. 

15. A method according to any preceding claini, in which the feoslionBl site comprises 
13 oratlea5tpartiaUyovBrlapswiihastnictuialdomain,apmteinbiiiding^ 

add binding domain, or an active site of an cn^rme. 

16. A method according to Claim IS, in wWchthe ftmctional site is essaotial tothe 
structure oi activiry, or both, of the polypeptide. 

17. A method accoiding to any precedfaig claim, in which lie polypeptide comprises 
20 an oncogenic protein or a turnout suppressor protein. 

18. A method according to any preceding claim, in xvhich the polypepUda is p53. 
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19. AmfthodaGcordiogtoa&ypiecedmgclau^ in which fhe polypeptide )spS3 
which comprises Asnitatioit. preferably R17SH, Q245S» R248Q, R249S. B273H and 
B2i2W and I19ST in which to mutation leads to reversible deoatuiation of the 
polypeptide. 

5 20. A method according to any preceding claim, in whitfalhesta^ 
oompdses a CDB3 polypeptide having the sequence REDEDEIEW. 

21. A stahilisix^ molecule which binds to and stabilises die native state of $ 
polypeptide, bijt not a denatured state of the polypeptide, in which the stabilising molecule 
binds to & site which at least partially overlaps a junctional 9ite of the polypeptide, and in 

10 whidh the stabiliding molecule does not consist of a natiual binding partner of the 
polypeptide. 

22. A stabilising molficule according to Gaim 21, in which the polypeptide is pS3. 

23. A stabilising molecule according to Claim 21 or 22, in which die polyp^de is 
p53 which comprises a mutation, preferably R17SH, 0245S, R248Q, R249S, R273H, 

15 282 W and 11 9ST in which the mutation leads to reversible denaturation of the polypeptide. 

24. A stabilising molecule according to Claim 2 1 , 22 or 23, in which the stabilising 
molecule comprises a CDB3 polypeptide h^vmg the sequence REDED£IEW« 

25. A method of identifying a stabilising molecule capable of stabilising a polypeptide, 
in which the polypeptide may be re versibly denatured such that it exists in a native state 

20 and a dcnamred state, the method comprising the steps of: 

(a) providmg a nadve state of the polypeptide comprising a iNkctioDal 

(b) exposing the polypeptide to a candidate stabilishig molecule; 
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(c) selecting a candidate ste4.m5ingiii«aecde v4iA binds to the site wi^ 
paiUaUy overlaps « fractional site of the native state of the polypeptide and 

(d) dfiteraiining whether such WsdingstaWUse^ state of the polypeptide. 

26. A methedof identiiymgastabiUsiaginolecule«9)ableof stebmsi^ 
i» vAu<* the polypeptide mayWrevemljIy denatured such thatfteaststa 

and a denatured state, the method compiiwng the steps ot 

(a) identifying a fancJtional site of tie polypeptide and providing a polypeptide 
ficagment comprising the fijnctional site; 

(b) selecdns a candidate stabilising molecule ^chbtads to Ihe polypeptide 
fiasni<3it at a site whldi at least partially overkps a functional site; 



10 

(c) 

native state of apolypeptide. 

27. Amethodaccoidingtoaalm26>whichth8poIypepUdefiragmentcomp^^^^ 
ihefunodonalaite iadndes a Wndingsite for a natuwl Wndiag partner of the polypeptide. 

15 28. A8tabiUsiiigmolecutecapableofslabiliJ»ngapolyp8ptide,v^ 
method accoxdii^ to Claun 25, 26 M 27. 

29. Ainethodacconiingto anyof CWms 1 to20 and2S to27.orastabilistog 
molecule accodingto any of Claim821 to 240^28. in>Aichthe stabilising mdeoule 
comprises a nahnal or derivatised caiiMhydrate. proteia, polype^ 

20 glycopiotein. nucleic add. DNA, RNA. otigonudeotide or protein-nueleic acid (PNA). 

30. A method or stabili^ molecule according to Qaim 29, which is derivatised wifl. 
asugar,phosphate.amine,amide.sulphate. 5ulphide,biotin.afluoiophoreora 

chromophQre* 
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3L A mefliod or stabilismg molecule according to Claim 29 or 30, ui which the 
stabilising molecule is dedvatis^ using a flvorophoxe^ preferably duotesceia 

32. A method or stabilising molecule according to any preceding claim, in ^Mcix tbe 
binding of a st^MlisiM; moleonle to the polypeptide is detected using NMR spectroscopy, 

5 preferably heteronuclear NMR spectroscopy, fluoresecence anisotiopy, smfice plasmoa 
resonance^ or Dififerendal Scanning Calorimetxy (DSC), 

33. A stablli^ng molecule according to any of Claims 21 to 24 or 2S for use In the 
treatment of 0 disease. 

34. A phaxmacciotical composition conqrising a stahiUsxng molecule according to any 
10 of Cl»ms 21 to 24 or 28, together wifli a phsxmaceutieally acceptable caitier^ diluent or 

ei^ietdt 

35. Use of stabilising molecule accoidiog to any of Claims 2) to 24 or 28 in (he 
manu&cture of a medicament for treatment of a disease. 

36. Use of a stabilising molecule according to any of Claims 21 to 24 or 28 in the 
15 treatment of disease. 

37. A metibod according to Claim 5, a stabilising molecule according to Claim 33 for a 
use as specified therm, or a use aoooiding ioClaim35or36,in which the disease is 
cancer. 
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ABSTRACT 
PEPTIDES 

We disclose a'mediod of stabilising flie native state of (l polypeptide^ tbe method 
comprising exposing the polypeptide to a stabilisjog molecule capable of Unding to the 
s polypeptide at a site which at least partially overlaps a functional site in its native state. 
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Fig. 6B 





U«ie 




0.18 




0.16 






1 


0.14 






1 


ai2 




0.1 




0.08 




0.06 



It!'-. 



0 



Mai 







Bo 



■"""'"0 



J. 



i 



40 



80 120 160 200 240 
Volume added (pQ 



42 



DVQUM6 



PAGE 65/71 



Fifl.6A 



0.0008 



0.0006 

1 

^ 0.0004 
& 

0.0002 
0 

10 15 20 26 30 35 40 4£l 50 
tempCC) 



43 



R240$-»-f=U:OB3 




t . « 1 . t t . I ■ t I »■ I . . I . I 1 1 . . 1 . ■ I ■ I . . 1 . f . 



21/11/2001 15:14 +4462388719880 



DYGUN6 



PAGE 66/71 




44 



21/11/2001 15:14 +4462368719808 



% 



PAGE 67/71 



Re.6C 



8 
B.S 

5 
46 

4 
3.S 



■ 










r ' • m 










; • • 












• 










• 
















4 






m 

m 




m 








-u 1 1 t 





45 



21/11/2001 15:14 4-4482380719800 



DVQUNG 



PAfiE 69/71 



Rg.7a 



0.16 
0.14 
0.12 

a 0.1 

£ 

I 0,0B 
0.06 
0.04 
0.02 



I I I I I ■ > 



^ 25|iM DNA 



FA 

♦ 



am 



I 1 1 I I I 1 I I I. I I' ' 



I I 1 I 



50 100 ISO 

vol. DNA injected 



200 



47 



21/11/2081 15:14 +4482380713800 



DVOUNG 



PAGE 70/71 




[l195Tl(gM) 



Figure 7b 



21/11/2001 15:14 +44B238871980B DYOUNS PAGE 71/7X 



DMA 



p53-DNA 
complex 




Denatured Native 
p53 



p53- 

CDB3 
complex 



□ 

Free CDB3 



Figure 7o 



HE PrtfEMT OFFICE 



27 AUG» 

Rcco^vei in Pateritc 
International Unit 



